Crude hydrocarbon spill and exploration activities destroy biodiversity of study locations ecosystem and inhibitory to plant growth in polluted soils (Ultisols) in selected communities (Zaakpon, Kpean, Yorla and Gure) at 0-30 cm depths in Ogoniland, Niger Delta, Nigeria and study conducted June-August, 2004.The aesthetic, agro-ecology and environmental biodiversity quality of selected communities impaired by the multinational oil companies. Data analyses variance, mean by Duncan multiple range test (SAS, 1985) over locations, depths, macronutrients and micronutrients of the selected communities at least significant difference P<0.1 for the polluted and unpolluted soils. The impacted soils localized between 0-15 cm depths with low organic matter contents (< 1% Org. carbon) and high C/N ratios at Gure (11.58), Zaakpon (52.95) and Kpean (25.49) results to low microbial activity and poor vegetative landscape except at Yorla with C/N 8.66 that support biodiversity ecological services. Forest ecosystems react sensitively to the soils 2.8 highly acidic with pH value and that will requires soil amendments for soil nutrients enhancement for biodegradation and restoration ecology. The impacted soils fertility analyses of crops tolerant to nutritional imbalance of the study area are: maize, banana, cassava, mango, pineapple, sweet potato and tomatoes base on their critical nutrient concentrations of the crops yield.
INTRODUCTION
Soil, a heterogeneous made up of inorganic solids, organic (humic) solids gases, and liquids (Paul and Clark, 1989) , when contaminated with hydrocarbons causes extensive damage of local ecosystems since accumulation of pollutants in animals and plants tissues cause progeny's death or mutation (Alvarez et al., 1991) . Organic contaminants (Polychlorinated biphenyls, PCBs; Polycyclic aromatic hydrocarbons, PAHs) [Edwards, 1983; Fries, 1982; O'Connor, 1998 ] contaminate forage on which livestock graze (Wilson, 1987) . Hydrocarbons are inhibitory to plant growth (Chaîneau et al., 1998) because it is composed of various proportions BTEX (e.g. benzene, toluene, ethylbenzene, and zylene (Lyons, 1996; Bedient, 1994) . Legally acceptable hydrocarbon waste disposal methods are: incineration, deep well injection, burial in a secure chemical landfill, or land treatment (land farming) by Sahastrabudhe and Modi (1986) .
Four bacterial genera were identified in the bacteria consortium named, Pseudomona, Serratia, Acinetobacter and Flavobacteria, most of them have reported as hydrocarbon utilizers (Atlas, 1981) . The deficiency of available nitrate nitrogen often observed as being reported by the local farmers in their low produce may be caused by an inadequate population of nitrate oxidizer. The ecological impacts of oil exploration, drilling and spills studies (Abe and Ayodele, 1983; Envir-Health Consultant, 1995) confirmed destruction of the ecosystems and symptoms of nutrient deficiencies and toxicities result from impaired metabolism with the plant, nutrient deficiency and toxicology experienced by plants on a petroleum soil and colloidal organic matter aid pollutants transport (Herbert et al., 1993) .
Hydrocarbon environmental degradation of priority pollutants and microorganisms is a challenge to crude hydrocarbon producing countries (Onweremadu et al., 2008; Aiyesanmi, 2005) with resultant impacts of unavailability of essential plant nutrients such as nitrogen, and the availability of some toxic elements such as arsenic, and lead to plants (Akamigbo and Jidere, 2002; Gill et al., 2003) . Crude oil had a dispersive effect on sprouting of ginger while it had variable effects on the microbial biomass (Ekpo and Nwankpa, 2006) . It weakens soil microbes thereby inhibiting their activity (Manahan, 1994) and influences plant root development (Ekpo, 2002) , soil water absorption by plants (Atuanya, 1987) , biotoxicity (Atuanya, 1987) , soil structure, water stress and nutrients deficiencies (Odjegba and Sadig, 2002; Gill et al., 2003) and decline in crop performance (Gaskin et al., 2007) .
Heavy metals associated with crude oil spillage are naturally found in soils (Ojanuga et al., 1996) , but monitoring is necessary for understanding metal load (Odu et al., 1988) as elevated accumulation has direct consequences to man and ecosystem (Agbozu et al., 2007) and crude oil spillage depends on type, ability and affordability of remediation techniques (Ram et al., 1993; Chu and Cha, 2003; Urum et al., 2005) chemical remediation techniques (Khattak and Page, 1992; Mench et al., 1994) , phyto-remediation techniques (Lee and Chen, 1994; Brooks, 1998) and organic adsorbents (Stewart et al., 2003; Sekar et al., 2004; Carrasqueros et al., 2006; Gueu et al., 2007) . Bioremediation techniques (King et al., 1997; NRC, 1993; Norris et al., 1993; Hinchee et al., 1995; Flathman et al., 1993) . The paper objectives are impacts of the effects of hydrocarbon pollution soils nutrients; yield crops comments on agricultural crops critical nutrient concentrations and the solution to hydrocarbon degradation of soil nutrients of selected sites in the study area (Ogoniland) Niger Delta, Nigeria.
MATERIALS AND METHODS

Study area
In Ogoniland, the first discovery of petroleum was in Bomu field (1958) , Korokoro (1962) and Yorla, Bodo West and Ebubu in the 1970s where explorations of all sites were without Environmental Impact Assessments (EIAs) reports with regulatory agencies. SPDC withdrew its entire staff from Ogoniland in January 1993 in the face of increasing intimidation and attacks from the host's communities (SPDC, 1995) . SPDC operations are about two-thirds of the Niger Delta which covers over 20,000 km 2 . It is bounded by latitudes 4°20′ N and 5°35′ N and longitudes 5°30′ E (Aprioku, 1999) . SPDC and its joint venture partners, the Nigerian National Petroleum Corporation (NNPC), Elf and Agip have five major oilfields in the area with 96 wells looked up five flow stations in Bomu, Korokoro, Yorla, Bodo West and Ebubu (Figures 1 and 2) .
The fields all date from the 1960s and 1970s and currently have a production potential of 28,000 barrels a day, about three percent of SPDC's crude production (SPDC, 1995) and the biggest challenges facing the degradation of the soil is oil exploration, (Aprioku, 1999) . The Niger River enters Nigeria from the northwest, crossing the western part of the country to join the Atlantic Ocean in the South. Near the coast, the River forms this delta with mangrove forests, Lagoons, and Swamps stretching about 100km (about 60 miles) inland. The Niger Delta is the largest in Africa, covering an area of about 36,000 sq.km (about 14,000 sq. miles) ( Figure 1 ).
There are unique difficulties in operating 86 flow-stations and about 6,200 kilometers of pipelines and flow-lines; and 31,000 square kilometers of the Niger Delta in a variety of extreme habitats including humid swamp forest, mangrove swamp, seasonallyflooded forest, (SPDC, 1995) . From 1993 to October 1994, following the withdrawal of SPDC staff from Ogoni, there have been another 25 spills, 18 of which have been confirmed as sabotage, with another in Yorla site. SPDC has been using Ogoni contractors to clean up these spills since the beginning of 1993; all five of flowstations in the Ogoniland area have been vandalized (SPDC, 1995) .
Geology, geomorphology and drainage
The geology of the study area is of sedimentary origin (Figure 1 ). They are deltaic in their formation being laid down by River Niger during geological epochs. The subsurface geology of the Niger Delta consist of three lithographic units: Benin (Continental), Agbada (Mixed) and Akata (Marine) which are in turn overlain by various types of sedimentary deposits (40 to 150 m) which generally consist of rapidly alternating sequences. The silt and clay, the quaternary rocks constitute various types of alluvium (Murat, 1972; Allen, 1965) .
The Niger Delta Geomorphology has four units: The main drainage in the study area is River Niger and its tributaries. From 1 km in Agbere, the River breaks into two main branches: Forcados and Nun Rivers. These then form a very dense network of northsouth drainage systems. From below Burutu at the north of River Forcados to below Degema, a distance of about 150 km, there are over fifty tributaries with a crises-cross of lagoons and tributaries (Murat, 1972) (Figure 1 ). The Niger Delta is one of the world's largest wetlands covering over 20,000 km 2 in Southern Nigeria. A dynamic equilibrium between flooding, erosion and sediment deposition is the defining characteristic of the Niger Delta ecosystem (Aprioku and Berelueiso, 1996) . The climate of the study area is the equatorial type. Generally, the temperatures are high throughout the year. There is a wet season lasting from April to October when the southwest winds dominate. The dry season in months of November to March also experiences rainfalls and sporadic rainstorms. Therefore, there is no month, where the mean annual rainfall is over 3600 mm with the highest occurring close to the south and decreasing north to about 300 mm (Ewuesie, 1998) .
Soils of the study area
The soils of the study area varies and are complex due to the interplay of rock or geologic types, the hydromorphic nature of the soil, and rich climatic environment of excessive rainfalls. There are five major soils groups, they are: beach ridge soils, mangrove swamp soils, fresh water swamp soils, Sombreiro -Warri -Deltaic plain soils and coastal plain sands. The creeks and water channels of the coastlands form important fishing grounds and provide highways in this marshy area where road building is almost impossible (Iloeje, 1976) .
Native soil nutrient
The Niger Delta is a natural wetland, agro-ecology; nitrogen has been found to be the most limiting plant dynamics nutrient (Patrick and Deluance, 1976) ; because of competition between plant up take and biochemical processes function including freshwater marshes and hardwood swamp (Fetter et al., 1978; Zoltek et al., 1979) have been investigated. Upon flooding, the soil oxygen status is completely changed by mixing of water by wind action and convection currents (Reddy and Patrick, 1984) resulting to the removal of nitrogen from flooded soil, microbial activity and sediments. The redox potential at which oxygen disappears from the wetland soil system was found to be in the range of 320 to 340 Mv (Turner and Patrick, 1968) . In a flooded mineral soil, approximately 50% of the total available oxygen is consumed in oxidizing the water-soluble ferrous iron which diffuses upwards from subsurface reduced zones (Howeler and Bouldin, 1971) . The total oxygen consumption in a flooded soil was attributed to the oxidation of reduced iron and manganese, followed by oxygen consumption during the oxidation of organic carbon and ammonium nitrogen (Patrick and Reddy, 1976a) .
Soil nutrient type
The Ogoniland soil of the study sites are classified as Ultisol (FAO/UNESCO, 1974). Ultisols are strongly acidic and highly Int J Ecol Ecosolution 26 leached upland soils occurring in the high rainfall region. They are coarse-textured, Kaolinitic type paleudults found in the coastal areas of the country and are derived mainly from coastal plain sands (Udo, 1973) . Ultisols have a higher percentage of active Phosphorus (P) (38%) and lower fraction of occluded P (21 %) than the Alfisols worth 22% of active P and 35% of occluded P. This indicates that the Nigerian Ultisols have a higher fraction of total P in the available form than the Alfisols (Udo, 1973) . In a wetland system of the Niger Delta nitrification the surface-oxidized soil or sediment layer of the wetland systems, lake sediments or ocean muds (Curtis et al., 1975) and in the surface-oxidizing sediments (Reddy et al., 1980c) . The gaseous forms of nitrogen that occur in flood soils and sediments include ammonia (NH3), Dinitrogen (N2) and nitrous oxide (N2O) (Reddy and Patrick, 1984) .
Agriculture
The primary activity of many communities in Ogoniland is agriculture, 66% of households in the state are engaged in agricultural activities. According to the National Agricultural Sample Census 1993/94, 35% of holdings on land are possessed on ownership tenure, 17% on rented land (FACU, 1993) . Annual planting of staple crops starts in the dry season (November-March) when floodwater must have subsided. After clearing the of land, women and children plant maize, yam, cassava or vegetables and oil palm from both the wild environment and plantations. Crops that are usually planted include cassava, cocoyam, plantain, banana, maize, yam, rice, sugar cane, and groundnut and to a limited extent cash crops such as oil palm and rubber. In addition to the staple crops, high priced vegetables such Telfaira spp., Amaranthus spp., waterleaf, melon and sweet potato are use as cover crops. Newly cleared forests are utilized for plantain and banana to take advantage of high organic matter status. Various crop combinations of yam/melon/maize/cassava, plantain/cocoyam telfaira and maize are arranged in relay forms. Plantain may start bearing at 8 months, but it is allowed up to 4-5 years a piece while banana could stay longer, up to 7 years. Crop plants such as Citrus species, kola, guava, mangoes, plantain, pawpaw, pear and pineapple may be planted around homesteads and as avenues along pathways or boundaries of farms (World Bank, 1992) . The predominant method of maintaining soil fertility remains the age shifting cultivation and bush following systems which involve cropping the land for a length of fallow periods of 1-2 years. Land degradation and flooding constitute major constraints to agriculture in the freshwater forest zones of Ogoniland. As a result, agriculture is limited to areas with sufficiently short flooding periods to allow for a complete growing season (Dabibi, 1995) .
Soil sampling and analysis
The depths of the bore on the polluted sites with hydrocarbon from pipeline breakage are 0-15cm and 15-30cm depths on each location ( Table 2 ). The soils were air dried ground and sieved using a 1mm nylon fibre sieved to remove rocks, roots and other large particles. Precautions were takes to avoid contamination during sampling, drying, grinding and storage. The pH water was measured (Hendershot and Lalande, 1993) . Organic Carbon (Org C.) content was determined using the Walkley and Black (1934) Method. The total N in the soil was determined by the Micro-kjedahl digestion followed by distillation and titration (IITA, 1979) . Available P was determined using Mehlich -3 extracts. Exchangeable cation (K + , Ca ++ , Mg ++ ) was determined by Mehlich -3 extracts. K + was determined by flame emission spectroscopy and Ca + and Mg + by atomic absorption spectroscopy (Anderson and Ingram, 1989) . Heavy metals (Cu, Zn, Mn and Fe) analysis was determined using Mehlich-3 extracts Atomic adsorption spectrometer (AAS).
Statistical analysis
All data set were subjected to statistical analysis as appropriate. Analysis of variance was conducted using the generated linear model (LLM) procedure to evaluate variance over locations, depths, macronutrients and micronutrients of the study areas. Mean separation was done using Duncan Multiple range test (SAS, 1985) . Correlation and regression analysis were also conducted.
RESULTS AND DISCUSSION
The soil nutrient, plant nutrient and crop yield in crop production called critical plant nutrient concentration level or optimum concentration (De Saussure, 1804; Ulrich, 1949) which is just adequate for maximum growth (Tyner, 1947) ; and as the concentration above which sufficiency occurs (Jones, 1967) . These techniques were used for a number of crops (Ulrich and Hills, 1967) . The critical levels of nutrients were largely independent of the level of other factors (Macy, 1936) . However, observed from the study areas, the critical levels will be influenced by several factors including the impacted effects of hydrocarbon on the selected communities' soil nutrients, Tables 1, 2 and 3 
Soil nutrients
The agricultural systems in the humid tropics are being faced with rapid nutrient depletion because of the low chemical buffering capacity of the low activity clay soils (Kang and Wilson, 1987) . Leaching processes are at their peak in humid tropical regions, where a predominance of clay minerals such as kaolin, gibbsite, haematite, and goethite can be observed. Local conditions particularly the enrichment of fresh rock that can occur at active plant boundaries (Fyfe et al., 1983) .
Macronutrients
In the impacted study area as shown in the Table 1 , the pH 4.30 -5.20 at P < 0.01 (LSD 0.38); Nitrogen oxide (No) 0.095 -0.74 gkg -1 at P < 0.10 (LSD 0.62; Potassium (K) 0.065 -1.37 cmol kg -1 at P<0.01 (LSD 0.027) has a significant relationship with the locations of the study area. The organic C (Org. C) 10.56 -20.2 gkg -1 at P < 0.10 (LSD 12.91); Ammonia (NH) 1.79 -3.3 gkg -1 at P < 0.10 (LSD 5.9); total nitrogen (total N) 2.54 -5.97 mgkg -1 P< 0.10 (LSD 6.23) and Available P 10.62 -18.60 mgkg -1 P < 0.10 (LSD 9.47) had no significant relationship with the locations of the study area, Figure 3 .
Micronutrients
In the impacted study area as shown in the Table 1 , the Calcium (Ca) 0.95 -1.34 cmol kg -1 P < 0.10 (LSD 0.32) Otaiku 27
and Sodium (Na) 0.525 -1.22 cmolkg -1 P < 0.05 (LSD 0.393) has a significant relationship with the locations of the study area. Magnesium (Mg) 0.232 -0.313 cmolkg -1 P < 0.10 (LSD 0.126) had no significant relationship with the locations of the study area, Figure 4 . Soil with a low organic matter content (< 1% organic carbon) will have low Available Water Capacity and organic carbon >1.5% will have high AWC as shown in Table 3 and Zaakpon has the highest AWC. Soil formation of the study area constitutes garnet (anhydrous calcium-iron-magnesium silicate rich rock) and on weathering form silt, clay and sand (Sawkin et al., 1978) . From Table 2 , the location (Zaakpon) has the highest sand % by particle size distribution relative to silt and clay. The NO 3 -N which accumulated at the commencement of the wet season appears to be lost mainly by leaching (Handy, 1946; Griffith, 1951) , and to a lesser extent by denitrafication (Greenland, 1958) .
Heavy metals
In the impacted study area as shown in Table 1 , Manganese (Mn) 19.93 -57.83 ppm P < 0.10 (LSD=37.5) and Iron (Fe) 180.4 -508.4 ppm P < 0.01 (LSD=161) has significant relationship with the locations of the study area. Copper (Cu) 0.20-0.73 5ppm P<0.10 (LSD=0.337) and Zinc (Zn) 1.52-2.05 ppm P < 0.10 (LSD = 1.043) had no significant relationship with the locations of the study area.
The composition of the clay mineral fraction of soils irrespective of the particular climatic zone in which they occur. The distribution of organic matter in the tropical soil decreases with increasing (Agboola and Omueti, 1982) . Jones (1973) found that the equilibrium organic matter content in Nigeria soils (0 to 15 cm) under an established fallow of 1.03 percent from an initial value of up to 2 percent and organic carbon % of the depth (0 to 16) cm is 1.37 and 10-36 cm is 0.41 to 0.50 (Moorman et al., 1981) confirms the study area data in Tables 2 and 3.Vegetation burn have dramatic effects biodiversity, encourages perennial grasses (Afolayan, 1978; Afolayan and Ajayi, 1979; Charreau, 1974) . The organic carbon % of the depth (0-16) cm is 1.37 and 10-36cm is 0.41-0.50 (Moorman et al., 1981; Enwezor and Moore, 1966) found organic P to be more than 40 percent of the Total P. The generally low Total P in these soils may be attributed to the low content in the parent materials from which these soils have been formed (Uzu et al., 1975; Ibedu, 1982) . The distribution along the profile depth varies from soil to soil. Comparative effects of depths on impacted soils nutrients of selected sites (Ogoniland) locations was carried out using the general linear model of ANOVA (Analysis of Variance). The depths of the bore on the polluted sites with hydrocarbon from pipeline breakage with depths at 0 to 15 cm and 15 to 30cm in the study area (P < 0.10) had significant impacts on soil nutrients, Table 2 .
Exchangeable cations
The multiple regressions analysis of Cations shows R 2 = 0.8524 (P < 0.05) had significant relationship on depth (0 to 15 cm) of the study location only. Within the depths of 15 to 30 cm, no exchangeable cations had significant relationship with depths of the locations in Table 1 . A large range of microbial genera have been reported to degrade hydrocarbons (Atlas, 1981; Rosenberg, 1992) ; broad spectrum of genera (Kampfer et al., 1991) ; toxic to bacterial membranes (Sikkema et al., 1995) and contaminated soil is often poor in organic matter and has a general low microbial activity. Bioaugumented microbial inocula is required for the soil in the study areas for soil bioremediation of the polluted sites. Table 3 high C/N ratio of the impacted soils in the study area by Otaiku 29 hydrocarbon pollution Gure (11.58), Zaakpon (52.92) and Kpean (25.49) will requires soils augmentation to improves the microbial activity for bioremediation and restoration ecology. Yorla with C/N ratio will enhance bioremediation activates and re-vegetation with energy crops (maize, etcs).
Agro-ecology
They influence the system and intensity of cropping, the need for fallowing, the species and varieties of crops that can be grown and the risk of drought stress (Mutsaers et al., 1997) . The FAO soil classification of the study area is Ultisols, mainly humid climates and less stable landscapes; also, coarse to medium surface layer, exchange base saturation <50% and generally acidic (pH<5). The fertility capability soil classification (FCC) (Buol and Couto, 1981; Sanchez and Salinas, 1982; Lal, 1979; Mansfield, 1979; Greenland, 1958) provides explanations based on data on Tables 1, 2 and 3.
Critical nutrient concentrations
An interesting alterative to chemical soil analysis for the measurement of initial soil fertility is the use of maize as an indication plant (Osiname et al., 1991; Eilitta et al., 1991) . Toxic concentrations of a nutrient in the specified plant part are usually associated with symptoms of toxicity or reduced growth and production and severely reduced quality or excessive vigor (Reuter and Robinson, 1986) and could be a useful diagnostic tool for soil amendment in crop production in the study area based on restoration ecology of the remediated polluted Ogoniland landscape. Selected crops in the study areas are:
A. Maize (Zea Mays):
The chemical properties of impacted soils show from Table 1 that the pH (4.3 -5.2) is highly acidic and Int J Ecol Ecosolution 30 Figure 6 . The hydrocarbon pollution effects on the particle size distribution of the study area.
requiring liming in all locations of the study area. The critical range of pH for maize production is 6 to 6.5 (Adeoye and Agboola, 1985) . Organic Carbon (Org. C) content of the impacted soil decreases with depths. The total N for the impacted soils range from 0.58 to 0.179%, showing that the soils requires Urea to improve the nitrogen (total N) to the adequate concentration 3.0% N for maize production (Hanway, 1962) . The available P of the impacted soils range 10.62 to 18.60 mgkg -1 , the critical concentration requirement of Ava. P (10 to 16 mgkg -1 ) for maize production (Adeoye and Agboola, 1985) showing that remediated and fortified impacted soils will support maize growth/production. The Exch K of impacted soils range is 0.025 to 0.053%. The critical nutrient concentration is 0.234 to 0.312% as posited by Adeoye and Agboola (1985) . Mg% range from 0.232 to 0.33 cmolkg -1 (0.056 -0.075%) as stated by Weir (1983) .
For maize production Fe>350 mgkg -1 is toxic (Jones, 1967) . The critical range is 50 to 300 mgkg -1 for maize (Lockman, 1969) . It shows that locations (Gure, Zaakpon and Kpean) when remediated and fortified with mineral nutrients could adequately support maize production. Yorla location is highly toxic to maize production. The critical range value is 0.4% Ca for maize production (Melsted et al., 1969) .
Impacted soils when remediated and fortified will support maize cultivation.
B. Banana (Musa spp.):
The chemical properties of impacted soils form the Table  1 show that K cmolkg -1 ranges from 0.025 to 0.053%. K < 2.5% is deficiency (Reuter and Robinson, 1986) . Ava P % in the impacted soil range (0.125 -0.186) The P% marginal concentration range is 0.13 to 0.19 (Rueter et al., 1986) for Banana production. It shows that when impacted soil is remediated and fortified, it could support banana production. The chemical properties of impacted soils show that Mg% 0.056 -0.075% form the Table 1 . The Mg<0.2% shows deficiency for Banana production (Reuter and Robinson, 1986) . The Na (%) of the impacted soils shows 0.121 to 0.260%. The adequate concentration range for concentration for maize production is 0.25 mg%. Hence, this shows that it is deficient. The Ca Content of the impacted soils ranges from 0.95 to 1.34 cmolkg -1 (0.38 -0.554%).
Zn (20-50) mgkg -1 is adequate for maize production (Lockman, 1969) . The impacted soils Mn range from 19.98 to 57.83 ppm or mgkg -1 (Adeoye and Agboola, 1985) . The Cu mgkg -1 value critical concentration is 9 mgkg -1 (Reuter and Robinson, 1986) ; and shows deficiency in Cu soil nutrient. Fe (Iron) mgkg -1 in the impacted soil range is 70 to 200 for Banana production (Reuter and Robinson, 1986) . Hence, remediated and fortified impacted soils will support banana production.
C. Cassava (Manihot esculenta):
The impacted soils from Table 3 show pH (4.3 to 5.2), highly acidic and requiring liming and organic carbon 10.56 to 20.2 mgkg -1 range in the study area. The total N for the impacted soils range (0.58 to 0.179%). The concentration range for N% was <4.5 for deficient by Howeler (1978) . Hence, the impacted soils need remediation and fortification with urea. The available P of the impacted soils ranges from 0.011 to 0.019%. The critical concentration for deficiency is P < 0.2% for cassava growth (Howeler, 1978) . The Exch K of the impacted soils ranges from 0.025 to 0.053%. The critical concentration for deficiency K is 0.43% (Patterson, 1985) . Mg of the impacted soils ranged from 0.056 to 0.075% (Table 1) . The critical concentration for deficiency is <0.29% Mg (Asher et al., 1980) . Ca of impacted soils ranges from 0.38 to 0.54%. The critical concentration for deficiency is Ca<0.5% (Howeler, 1978) . Impacted soils Zn range between 1.495 and 2.05 ppm or mgkg -1 . The critical concentration for deficiency of Zn is <35 mgkg -1 for cassava (Howeler, 1978) . The impacted soils Mn Otaiku 31 ranges from 19.98 to 57.83 ppm (Table 1) . The critical concentration for deficiency is Mn < 50 mgkg -1 . Cu ranges from 0.20 to 0.74 ppm for impacted soils. The critical range concentration is 6 mgkg -1 (Howeler, 1983) . Fe (Iron) value for impacted soil is 180.4 ppm. The critical concentration for Fe is 60 to 200 mgkg -1 and > 250 mgkg -1 (Howeler, 1982) . It shows that Gure, Yorla and Kpean impacted soils is very toxic for cassava production. When remediated and fortified will support cassava growth.
D. Mango (Mangifera indica):
The total N for the impacted soils ranges from 0.58 to 0.18% in Table 1 . The adequate concentration of N% is 1.0 to 1.5 for mango growth (Reuter and Robinson, 1986) . The Exch K of the impacted soils ranges from 0.025 to 0.053% and the critical concentration for deficient for K is <0.25% .The Ava P of the impacted soils range from 0.011 to 0.019%. The adequate concentration is between 0.08 and 0.18% (Reuter and Robinson, 1986) . Impacted soils Mg range between 0.056 to 0.075%. The adequate concentration for Mg is between 0.2 and 0.4%. The Ca value of impacted soils ranges from 0.38 to 0.54%. The adequate concentration ranges from 2.0 to 3.5% for acidic soil and 3.0 to 5.0 for alkaline soil. The impacted soil Na ranges from 0.121 to 0.258% and the adequate concentration is Na <0.2% (Reuter and Robinson, 1986) . Impacted soils Zn range from 1.495 to 2.05 ppm or mgkg -1 . The critical concentration for deficiency is < 15 mgkg -1 . The impacted soils Mn ranges from 19.98 to 57.83 mgkg -1 . Cu ranges from 0.20 to 0.74 mgkg -1 for impacted soils. The adequate concentration ranges from 10 to 20 mgkg -1 for Cu (Reuter and Robinson, 1986) . Fe value for Zaakpon was 180.4 mgkg -1 for impacted soil. The adequate concentration for Iron (Fe) is 70 to 200 mg kg -1 (Reuter and Robinson, 1986 ). The Yorla, Kpean and Gure are very toxic in impacted soil Fe content. It will require remediation and fortification to support mango growth. When impacted soils remediated and fortified by mineral nutrients, they will support mango growth.
E. Pineapple (Ananas comosus):
The total N for the impacted soils ranges from 0.58 to 0.179%. The concentration value for N is 1.4% for pineapple deficiency growth. The available P of impacted soils ranges from 0.01 to 0.019%. The concentration deficient value is P<0.13%. The Exch K of the impacted soils range 0.025 -0.053%.The concentration deficient value is P<2.8% (Reuter and Robinson, 1986) . Hence, the impacted soils when remediated and fortified with mineral nutrient will support pineapple growth. The pH of 4.3 to 5.2 shows acidic. Mg. is 0.056 to 0.078% for impacted soils. The concentration for deficiency is P < 0.13% Ca (0.38 to 0.54%) of the impacted soils. The concentration for deficiency of Ca is <0.04%. The Na % for impacted soil is 0.123 to 0.256%. The adequate concentration for Na is 0.004 to 0.015% (Reuter and Robinson, 1986) . Impacted soils Zn range from 1.50 to 2.05 mgkg -1 . The adequate concentration range from 15 to 70 mgkg -1 . The impacted soils mg range from 19.98 to 57.83 mgkg -1 and the adequate concentration value range from 150 to 400 mgkg -1 . Cu range from 0.20 to 0.74 mgkg -1 for impacted soils; and the adequate concentration range from 10 to 50 mgkg -1 (Reuter and Robinson, 1986) . Fe (Iron) value for Zaakpon is 180.4 mgkg -1 (ppm) in the impacted soil. The adequate concentration for Fe is 80 to 150 mgkg -1 (Reuter and Robinson, 1986) . The locations (Yorla, Kpean and Gure) are very toxic Iron (Fe) with (Fe > 150 mgkg -1 ). Remediation of impacted soil and fortification will support pineapple growth. Remediation of impacted soil and fortification will support pineapple growth.
F. Sweet potato (Solanum tuberosum):
The organic carbon of the impacted soils in the study area is of no significance and the soil pH (4.3 to 5.2) is acidic which requires liming. The total N from the impacted soil range 0.58 -0.179%. The nutrients concentration level for deficiency is N <2.0% (Purseglove,1992; Woolfe,1992) . The available P in the impacted soils is 0.011 -0.019%. The nutrients concentration level for deficiency is P<0.20% (Troug et al., 1953) . The Exch K of the impacted soils ranges from 0.025 to 0.053%. The nutrient concentration level for adequate K is 3.5 to 5.0% (Moorthy,2002; Sindi, 2015) . Mg of the impacted soils ranges from 0.056 to 0.075%. The nutrient concentration level for deficiency is Mg<0.35% (Hahn,1977) . Ca is 0.38 -0.54% of impacted soils. The critical concentration nutrient level Ca is 0.8% for sweet potato (Piggott, 1972) .
The Na is 0.12 to 0.26% for impacted soils. The adequate concentration nutrient level Na is 0.05 to 0.50% (Peverill, 1993) . Impacted soils Zn ranges from 1.5 to 2.05 mgkg -1 . The nutrient concentration level for deficiency Zn is <10 mgkg -1 (Lakanen and Erviò,1971 ). The Mn is 19.98 -57.83 mgkg -1 for impacted soils. The nutrient concentration level for deficient Mn is <20 mgkg -1 (Weir, 1983) . Cu ranges from 0.20 to 0.74 mgkg -1 for impacted soils. The Cu nutrient concentration level for deficient Cu is <8 mgkg -1 (Gupta, 1983) . Fe (Iron) is 180.4 mgkg -1 for Zaakpon (impacted soils). The nutrient concentration level adequate for potato is between 70 and 150 mgkg -1 (Walsh et al., 1973) . The locations (Gure, Yorla and Kpean) impacted soils are very toxic for potato growth. The impacted soils require remediation and mineral fortification to grow sweet potato.
G. Tomato:
The total N is 0.58 to 0.18% for impacted soils. The nutrient concentration level for N is <2.60% for deficient for tomato (Wooley,1957) . The Exch K ranges for 0.025 to 0.053%. The nutrient concentration level for K 0.9% Int J Ecol Ecosolution 32 required for marginal growth (Benton, 2003) . The Ava P (0.011 to 0.019%) impacted soils. The deficiency in nutrient concentration P was 0.10 to 0.35% level for tomato (Marschner,1995; Le Mare, 1981) . Impacted soils remediated and fortified by mineral nutrients will support tomatoes growth. The pH of the impacted soils is 4.3 to 5.2, which is very acidic, therefore requiring liming. Mg ranges from 0.056 to 0.075% for the impacted soils. The critical nutrient concentration required mg 0.1% for tomato (Peverill,1993; Peverill et al.,1999) . Ca is 0.38 to 0.54% for impacted soils. The nutrient concentration level for deficiency is 0.58-1.30 % Ca (Geering and Hodson,1969) . The Na 0.121-2.0.258% for impacted soils and high concentration of nutrient required Na 0.4% (Barke, 1984) . Zn ranges from 1.5 to 2.05 mgkg -1 for impacted soils. The nutrient concentration level for deficient Zn is <20% (Barke, 1984) . Mn in the impacted soils (0 to 3 cm) depth of clay content (<20%) is poor with medium infiltration rate, and medium water-holding capacity. The agricultural systems in the humid tropics are being faced with rapid nutrient depletion because of the low chemical buffering capacity of the low activity clay soils (Kang and Wilson, 1987) . Furthermore, continuous use of nitrogen (N) fertilizer can result in soil acidification (Jones and Wild, 1975) . Systemic approaches for the management of soil fertility are therefore necessary. Most plants and soil microorganism thrive best in soils of pH 6 to 7.5. The soil pH of impacted soil range (4.3-5.2) requiring soil amendment for agriculture purposes. The impacted soils fertility analyses (selected crops required to be grown) to improve the polluted ecosystem and correct the imbalance in the agro-ecology by practicing the farming system with the following crops: maize, banana, cassava, mango, pineapple, sweet potato and tomatoes base on their critical nutrient concentrations of crops yield (19.98 to 57.83) mgkg -1 for impacted soils. The nutrient concentration required for deficiency Mn <25 mgkg -1 (Barke, 1984) . Cu ranged from 0.20 to 0.74 mgkg -1 for impacted soils. The nutrient concentration level adequate for growth is Cu 5.15 mgkg -1 (Barke, 1984) . Fe is 180.4 -274.9 mgkg -1 for impacted soil for Gure, Zaakpon and Kpean. The nutrient concentration level adequate is 100 to 300 mgkg -1 (Barke, 1984) . The Yorla impacted soils (508. 3 mgkg -1 ) is very toxic to tomatoes growth. Remediation and mineral fortification is required for soil improvement to support tomato growth.
CONCLUSION
Oil spill destroys useful farmland and pollutes fishing creeks. Fish kill is common in waters polluted by hydrocarbon (Figure 7) . This depletes fish population and other aquatic life. Besides, heavy machinery used in oil prospecting and mining destroys vegetation, devastates the land and renders the land unsuitable for farming. The soil is rendered infertile by oil (Figure 7) . Residents of these areas suffer untold hardship to obtain freshwater. This truncates the indigenous economy of the people leaving them impoverished. Consequently, the area is prone to acid rain. Forest ecosystems react sensitively to the mangrove soils are highly acidic with pH value as high as 2.8. In the study areas, communities of Ogoniland, the average pH is 5.1. The aesthetic and environmental quality of the oil production zone is impaired. The impacts of hydrocarbon toxic effects have been found to be generally localized between 0 and 15 cm depth of the impacted soils with low organic matter content (<1% organic carbon) and invariable low available water content (AWC) in mm/50 cm and shows little humus and own their red yellow colours to the oxide of iron at subsurface (0 to 15cm). Zaakpon (organic C>1.5%) have high AWC with the highest sand %by particle size distribution relative to silt and clay.
Safety is paramount in the industry. Safety precautions should always be taken by industry personnel to prevent accidents in all oil production counties in Niger Delta. A strong legislation against pollution of the environment is required. The legislation should include the "Polluter Pay" principle. Perhaps, it is only in Nigeria that the environment is devastated and abandoned by the multinational oil companies and regular maintenance of oil pipeline (Figure 7) .
